Hypertension is a leading risk factor for cardiovascular disease and a significant cause of morbidity and mortality. 1 Inadequately controlled hypertension increases risks for first and recurrent events of acute coronary syndrome and stroke, as well as for heart failure and chronic kidney disease. 1,2 Identification of the patient characteristics associated with poor hypertension awareness and control has led to changes in public health and clinic practices that have improved these parameters in targeted population groups. For example, population-based data from the United States in the 1990s indicated that hypertension awareness and control rates were lowest among those aged ≥65 years, men, non-Hispanic blacks, and those with infrequent contact with a physician. 3 As a result of these observations, interventions were targeted at high-risk groups, and comparable data from the mid-to late 2000s show that hypertension awareness and control increased with age and were highest among those aged ≥65 years. 4 background Population-based studies about factors associated with blood pressure (BP) levels and hypertension awareness and control are lacking in Israel. We aimed to identify covariables of BP level (across the Seventh Report of the Joint National Committee on Prevention, Detection, Evaluation, and Treatment of High Blood Pressure (JNC-7) categories) and hypertension awareness and control.
non-Hispanic whites. 4, 5 In Israel, representative, up-to-date data on the sociodemographic correlates of hypertension awareness and control, derived from measured blood pressure (BP), are lacking. In this study, we explored factors associated with BP levels and hypertension awareness and control in a population-based sample of Jewish and Arab adults in the Hadera District Study (HDS) in Israel.
METHODS
The HDS was a population-based survey on risk factors for cardiovascular disease among Arabs and Jews in Israel conducted from 2002 to 2007. The study sample and interviewing procedures have been described in detail elsewhere. [6] [7] [8] Briefly, the Hadera District, located in the center of Israel, has approximately equal numbers of Jewish (54%) and Arab (46%) residents. According to census data, the sociodemographic characteristics of the Jewish and Arab populations in the Hadera district (e.g., median age, percentage urbanized, household size, years of education, employment rates) and healthcare system access are very similar to that of the total Jewish and (Muslim) Arab populations in Israel. 7, 9 A randomly selected, population-based sample was drawn from the Hadera District urban population registry, stratified equally across sex, ethnicity (Arab or Jewish), and 10-year age-group categories (range: 25-74 years). Of the total number of individuals sampled (n = 1,318), 214 refused to participate or could not be traced, and 1,104 consented to participate in the study (84% response rate). 7 The original study questionnaire in Hebrew was translated into Arabic and Russian, and home interviews were conducted in the participant's native language by trained interviewers. Data on sociodemographic characteristics, body weight and height, diet, the type and duration of leisure and nonleisure physical activity, smoking, chronic disease prevalence, and medical treatment were collected. [6] [7] [8] Participants were invited to come to a local clinic where anthropometric and BP measurements and a fasting blood sample were taken by a trained study nurse. Of the 1,104 study participants, this analysis focuses on the 763 (69%) from whom anthropometric and BP measurements were obtained. The study was approved by the institutional ethics committee (Helsinki Committee) of Sheba Medical Center. All participants provided written informed consent.
Dietary assessment
Information on habitual dietary intake was collected using a quantified food frequency questionnaire (FFQ) developed for the Jewish and Arab populations and used in numerous observational studies. 7, 8, 10, 11 The nutrient database used to calculate nutrient values was based primarily on the UK food composition database, supplemented with data from international, Israeli, and Palestinian Arab food composition tables, local manufacturers, and representative local recipes. 8 
Socioeconomic and lifestyle covariables
Participants' years of education were categorized as 0-8, 9-12, or 13 12 nutrient intake data were used to generate a score indicating the level of compliance with DASH dietary goals for total fat, saturated fat, protein, cholesterol, fiber, magnesium, calcium, potassium, and sodium intake. Intermediate targets for each nutrient were also set, and participants received 1 point for full compliance with target and 0.5 point for compliance with intermediate target. The physical activity score (hours/day) was calculated as the sum of hours per day of moderate/vigorous leisure and nonleisure physical activity and half of the hours per day of light physical activity.
Health status variables
Hypertension was defined as a self-reported physician diagnosis of hypertension, or use of antihypertensive medication, or systolic BP (SBP) ≥140 mm Hg and/or diastolic BP (DBP) ≥90 mm Hg. 5 Three BP readings were taken by trained study nurses after a minimum of a 5-minute rest with a standard mercury-gravity manometer and a cuff-size based on arm circumference. The first and fifth Korotkoff sounds were recorded for SBP and DBP, respectively. 13, 14 The second and third readings were averaged to obtain the BP values used in the analysis. Hypertension prevalence was calculated after standardization of the data to the age, sex, and ethnic distribution of the Israeli population (aged 25-80 years) in 2004. BP levels were categorized according to the Seventh Report of the Joint National Committee on Prevention, Detection, Evaluation, and Treatment of High Blood Pressure (JNC-7) stages as follows: (i) normal (SBP <120 mm Hg and DBP <80 mm Hg), (ii) prehypertension (SBP 120-139 mm Hg or DBP 80-89 mm Hg), (iii) hypertension, stage 1 and 2 (combined for our analyses) (SBP ≥140 mm Hg or DBP ≥90 mm Hg). 1 Hypertensive participants were classified as "treated and controlled" on the basis of self-reported hypertensive pharmacotherapy and measured SBP <140 mm Hg and DBP <90 mm Hg or as "treated and uncontrolled" on the basis of self-reported hypertensive pharmacotherapy and measured SBP ≥140 mm Hg or DBP ≥90 mm Hg. For the purpose of exploring awareness, hypertensive participants were classified as "aware" if they responded positively to the question, "Have you ever been told by a doctor or other health professional that you had hypertension (high BP)?" They were further classified as (i) "aware and controlled, " on the basis of selfreported hypertension and measured SBP <140 mm Hg and DBP <90 mm Hg; (ii) "aware and uncontrolled, " on the basis of self-reported hypertension and measured SBP ≥140 mm Hg or DBP ≥90 mm Hg; or (iii) "unaware and uncontrolled, " on the basis of no self-reported hypertension and measured SBP ≥140 mm Hg or DBP ≥90 mm Hg. We abstracted data on hypertension prevalence from the electronic medical records of 544 people from the original sample (n = 1,318, including nonresponders and participants who completed either home interviews or both home interviews and the clinical component with BP measurements) from 2 of the 4 healthcare service providers to test for differences in hypertension prevalence between responders and nonresponders and to evaluate the degree of agreement between self-reported hypertension and hypertension recorded in the medical file. 7 Measured weight and height (without shoes, in lightweight clothing) were obtained and used to calculate body mass index (BMI; kg/m 2 ). Obesity was defined as BMI ≥30.0 kg/ m 2 . Participants' diabetes status was determined from selfreported physician diagnosis and/or use of hypoglycemic medications. 7 Cardiovascular disease status was based upon self-reported physician diagnosis of myocardial infarction or stroke and/or revascularization procedures.
Renal failure was defined as an estimated glomerular filtration rate <60 ml/minute/1.73 m 2 of body surface area. 15 
Statistical analysis
Associations between participant sociodemographic, lifestyle, and health status characteristics and the outcome variables of JNC-7 stage and hypertension awareness and control were explored in univariable analysis using χ 2 or Fisher's exact tests for categorical variables and the Wilcoxon test for continuous variables. Explanatory variables associated with the outcome variables in univariable analysis at a level of P < 0.20 or known to be associated with the outcome were entered into multivariable models using a backward elimination procedure, except for ethnicity, sex, age and educational level, which were forced into the multivariable models. The least significant variables were eliminated from the model sequentially until all remaining variables were significant at a level of P < 0.05. The multivariable models were also adjusted for the time of data collection to control for time trends in BP management medical practices. Multivariable ordinal logistic regression was used to test for factors associated with higher BP levels, categorized according to JNC-7 stages. The proportional odds assumption was tested and was not statistically significant. Second-order interactions between the explanatory variables in the models were tested and considered significant at a level of P < 0.05. Among participants with hypertension (n = 315), we used multivariable multinomial logistic regression analysis with "aware and controlled" as the outcome reference category to test for factors that increased the odds of being aware and uncontrolled or unaware and uncontrolled. Because of the lower number of observations in the multinomial model, we did not test for second-order interactions. All analyses were performed using SAS (version 9.2; SAS Institute, Cary, NC).
rESULTS
The age-, sex-, and ethnicity-adjusted prevalence of hypertension as recorded in patients' electronic medical records did not differ between respondents and nonrespondents (those who refused to participate or could not be found) (P = 0.82). The rate of agreement between self-reported hypertension and hypertension documented in the medical record was moderately high (Kappa= 0.73).
Hypertension prevalence, standardized to the 2004 Israeli population distribution by age, sex, and ethnicity, was 32.5%, and was higher among men (36.1%) than women (28.9%; P = 0.05) but did not differ by ethnicity. Table 1 presents results of the univariable analysis of participant characteristics by JNC-7 category. Approximately half of the participants with BP levels indicative of stage I or II hypertension reported having hypertension, and 44.2% reported taking antihypertensive medications (Table 1) . These participants were older, had a lower median number of years of education, were less physically active, and had higher BMI and triglyceride levels than participants in the lower JNC-7 categories. A higher proportion were men, were past smokers, knew that hypertension was a risk factor for heart disease, and had a family history of hypertension, self-reported diabetes, cardiovascular disease, and renal failure. In the sample as a whole, only 4.7% were DASH accordant (DASH score ≥4.5), 12 and this did not differ by JNC-7 category (Table 1) .
In multivariable ordinal logistic regression analysis, the odds of being in a higher JNC-7 category were positively associated with age, BMI, and low-density lipoprotein cholesterol level (Table 2 ). There was a significant interaction between sex and marital status (P = 0.02) (Figure 1 ). The main effect of sex indicated that married men had 2.7-fold higher odds than married women of being in a higher JNC-7 category. Among women, those who were single/divorced (odds ratio (OR) = 2.1; 95% confidence interval (CI) = 1.2-3.7; P = 0.01) or widowed (OR = 2.5; 95% CI = 1.2-5.2; P = 0.01) had higher odds of being in a higher JNC-7 category than married women. Among men, the odds for single/divorced vs. married men followed the same trend but were nonsignificant (OR = 2.1; 95% CI = 0.9-4.8; P = 0.08), perhaps because of the limited proportion of single/divorced men in the sample (6.5% of men). The odds for widowed vs. married men could not be reliably estimated given the low proportion of widowed men (1.9% of men) in the sample.
Among participants with hypertension (n = 315), 66.0% were aware, 53.3% were treated with antihypertensive medications, and 26.0% achieved adequate BP control. Among those treated with antihypertensive medications (n = 168), 38.7% achieved adequate BP control. The treated and controlled did not differ significantly from the treated and uncontrolled on any of the sociodemographic, lifestyle, treatment, or health status variables tested (data not shown).
Additional analyses were conducted among hypertensive participants, comparing those who were (i) aware and controlled, (ii) aware and uncontrolled, and (iii) unaware and uncontrolled. In univariable analysis, a higher proportion of the aware and uncontrolled group was widowed, taking more than 1 antihypertensive medication, knew that hypertension is a risk factor for heart disease, and had self-reported diabetes than the other hypertensive subgroups ( Table 3 ). The unaware and uncontrolled group was younger and had a higher proportion of Arabs but fewer visits to the family doctor per year and a lower prevalence of family history of hypertension, adherence to the DASH diet, self-reported diabetes, cardiovascular disease, and renal failure than either of the aware hypertensive subgroups (Table 3 ). In multivariable multinomial regression analysis using aware and controlled as the outcome reference group, greater age was associated with increased odds of being aware and uncontrolled. Participants who were of Arab ethnicity, single/divorced, had <3 visits to the family doctor in the past year, and had higher low-density lipoprotein cholesterol levels were at increased odds of being unaware and uncontrolled, whereas those with a family history of hypertension and self-reported cardiovascular disease had decreased odds (Table 4) .
DISCUSSIOn
Age-standardized hypertension prevalence in this population-based sample of Israeli adults was 32.5%. Women were less likely than men to have BP levels indicative of stage Abbreviations: BMI, body mass index; CI; confidence interval; JNC-7, the Seventh Report of the Joint National Committee on Prevention, Detection, Evaluation, and Treatment of High Blood Pressure; LDL, low-density lipoprotein; OR, odds ratio.
a JNC-7 categories: (i) normal blood pressure (SBP <120 and DBP <80 mm Hg); (ii) prehypertensive (SBP 120-139 or DBP 80-89 mm Hg), (iii) hypertensive (stages I and II) (SBP ≥140 or DBP ≥90 mm Hg). 5 b Multivariable ordinal logistic regression model controlling for number of antihypertensive medications, time period of the data collection, smoking status, and knowledge of hypertension as a risk factor for heart disease, including 752 participants with complete data (C statistic = 0.76).
c Main effect of variable in the sex*marital status interaction; OR represents the comparison between married men and women. d Main effect of variable in the sex*marital status interaction; OR represents the comparison of single/divorced and widowed women to married women.
I or II hypertension; however, this difference was found primarily for married women as compared with married men and was less pronounced for single/divorced and widowed women. Hypertension awareness remained significantly lower among Arabs, single/divorced adults, and those with infrequent contact with their healthcare provider. This is the first population-based study in Israel, to our knowledge, to report age-standardized hypertension prevalence among adults based upon BP measurements. The prevalence rate we report is higher than the rate of self-reported hypertension in a national health survey in Israel for the same age range after age adjustment (20.9%). 16 The Israel Central Bureau of Statistics Health Survey is conducted on a household basis, and a single household respondent is asked if any member of the household was diagnosed by a doctor as having hypertension. This data source may underestimate hypertension prevalence because of undiagnosed hypertension, as well as respondent unawareness of hypertension diagnoses among other household members. Our estimate of hypertension prevalence, based upon both self-reported physician diagnosis/antihypertensive drug treatment and BP measurements, captures those with undiagnosed hypertension and enables the assessment of hypertension awareness rates in the population. The standardized hypertension prevalence rate in the HDS study among adults aged 25-74 years was similar to or lower than that reported in several other age-congruent high-income 5, [17] [18] [19] and middle-income 20 populations.
Consistent with other studies, higher BP levels were positively associated with age, BMI, low-density lipoprotein cholesterol levels, and male sex. 5,17-25 However, we found that the female sex advantage was attenuated in single/divorced and widowed women. Among hypertensive HDS participants, we did not observe significant differences between men and women either in awareness or control; however, single/divorced participants had higher odds of being unaware and uncontrolled. A number of studies have observed that marital status modifies sex differences in hypertension 26, 27 and its cardiovascular sequelae, 28, 29 although the magnitude and direction of the effect differs across studies and populations. 26, 27, 30 In many societies, marriage is an important upstream determinant that influences exposure to cardiovascular risk factors (e.g., health behaviors, adherence to medical treatment regimens, financial resources, social support, psychosocial well-being/stress), and may either mitigate or exacerbate their influence differently for women than for men. 26, 28, 31, 32 Our findings suggest that marital status subgroups within sex or age categories that are not routinely flagged as being at high risk for hypertension (e.g., younger single/divorced women, widowed women) may benefit from earlier/more frequent BP tracking.
Similarly, hypertension awareness was lower in other subgroups of the population generally not considered to be at high risk (e.g., those without a family history of hypertension) or who had less contact with their healthcare providers. This has been observed in other studies 21, 23, 33 and suggests a need for more active outreach/BP tracking initiatives among these population subgroups. Although diagnosed cardiovascular disease was associated with much lower odds of hypertension unawareness, it was not associated with better hypertension control.
In the HDS sample, hypertension awareness was lower among Arabs than Jews, who, in addition to their lingualcultural differences from the Jewish majority population, are also characterized by a lower socioeconomic status 34 and higher cardiovascular mortality rates. 35 Internationally, lower hypertension awareness has been found among other low socioeconomic status minority groups, particularly if their language differs from that of the majority population. 4, 5 Although differences in BP patterns, treatment, and control have been observed in numerous low socioeconomic status and ethnic/racial minority groups, 4, 5, 36 in the HDS sample there were no differences in the rates of BP treatment or control between Jewish and Arab participants who were aware of their hypertension. The national health insurance coverage in Israel reduces the impact of economic barriers to accessing treatment; but additional, culturally adapted interventions may be needed to improve hypertension awareness in the Arab population in Israel. The hypertension prevalence, awareness, and control of Arabs in the HDS sample, as compared with other Arab populations, were generally more similar to those of Arabs in the United States 37 than Arabs Abbreviations: BP, blood pressure; CI, confidence interval; HTN hypertension; LDL, low-density lipoprotein; OR, odds ratio. a Multinomial analysis comparing hypertensive participants who were aware and had controlled BP (reference category) to those who were aware and had uncontrolled BP or unaware and had uncontrolled BP, controlling for knowledge of hypertension as a risk factor for heart disease, LDL cholesterol level, and time period of data collection.
b Self-reported cardiovascular disease based on physician diagnosis and/or medical procedures, including self-reported myocardial infarction, stroke, and revascularization procedures. c Other antihypertensive medications, including centrally acting alpha-2 adrenergic agonists (e.g., clonidine), peripheral vasodilating agents (e.g., hydralazine), and alpha-1 adrenergic receptor blockers (e.g., doxazosin).
d Sum of hours per day of leisure and nonleisure physical activity where an hour of moderate/vigorous activity is counted as 1 hour and an hour of light activity is counted as 30 minutes.
e Self-reported diabetes based on physician diagnosis and/or hypoglycemic drug therapy. f Self-reported cardiovascular disease based on physician diagnosis and/or medical procedures, including self-reported myocardial infarction, stroke, and revascularization procedures.
g Glomerular filtration rate of <60 ml/minute/1.73 m 2 of body surface area. 15 38 This may be reflective of their increased exposure to Westernization and related risk factors, 8 together with their access to a well-developed healthcare system. Only a small proportion of the HDS participants exhibited adherence to the DASH diet or physically active lifestyles, which may explain why no associations were found between these lifestyle factors and BP levels. Similarly, in the United States, lifestyle did not seem to have contributed to recent improvements seen in hypertension control, as obesity rates have continued to rise and adherence to a DASH-type diet (recommended by the US Department of Agriculture for the general adult population) 39,40 has been declining. 5, 12 The low prevalence of physically active lifestyles and DASH dietary adherence in the HDS sample in general, and among those with hypertension in particular, suggests that the promotion of healthy lifestyle interventions has been suboptimal.
The study has a number of limitations. Because of its crosssectional design, no causal inferences can be made. Clinical guidelines recommend confirming hypertension in followup visits, so dependence upon a single assessment of BP may overestimate prevalent hypertension. Nevertheless, this is the standard method for estimating hypertension prevalence in large epidemiological studies and national health surveys internationally. 5, 18, [23] [24] [25] The white coat effect (e.g., increase in BP due to the fact that it is being measured by medical personnel) may tend to overestimate prevalent hypertension and underestimate hypertension control. 5 To reduce the influence of this effect on our findings, of the 3 BP measurements taken for each participant, we excluded the first measurement (usually the most influenced by this effect) and used the mean of the second and third BP measurements.
To conclude, characteristics associated with poorly controlled BP/hypertension, in addition to well-established risk factors, included being a single/divorced or widowed woman. Specially focused interventions may be needed to improve hypertension awareness among Arabs, those who have less contact with the healthcare system, and those without a family history of hypertension.
